The underlying mechanism of bradycardia-dependent bundle-branch and paroxysmal atrioventricular block appears to be enhancement ofphase-4 depolarization in a branch or in a natural or acquired monofascicular pathway.
The underlying mechanism of bradycardia-dependent bundle-branch and paroxysmal atrioventricular block appears to be enhancement ofphase-4 depolarization in a branch or in a natural or acquired monofascicular pathway.
Clinical records of these forms of impaired conduction occurring in the bundle-branches, with either longer or shorter cardiac cycle lengths, are presented and analysed. These also include the combination of Mobitz type I atrioventricular block with variable degrees of bundle-branch block, as a representative example ofnarrow ventricular escape beatsfiring in the zone where prominent diastolic depolarization is present.
Spontaneous depolarization during phase-4 is the electrophysiological mechanism which enables the automatic cells to be effective or latent pacemakers (West, I955a, b) . Occasionally, under certain pathological conditions, the ventricular specialized conduction system may exhibit prominent diastolic depolarization (Weidmann, I955; Singer, Lazzara, and HofEman, I967; Wennemark and Ruesta, I97I), the mechanism underlying bradycardia-dependent bundle-branch block (Massumi, ients with bradycardia-dependent block, which can be explained in terms of phase-4 depolarization, and discussions on the concepts related to this electrophysiological mechanism based upon the corresponding records.
Subjects and methods
The group consisted of i I patients, of whom 6 had bradycardia-dependent bundle-branch block (Table i) , and 5 had bradycardia-dependent paroxysmal atrioventricular block (Table 2 ). The main clinical and electrocardiographic features are summarized in these Tables. All electrocardiograms were recorded with a Sanbom Model 296 direct writing electrocardiograph at a paper speed of 25 mm/second. Vectorcardiograms in the three-plane projections were recorded in the supine position by the Frank system, with a Hewlett-Packard 1520-A machine, using the fourth intercostal space.
Bipolar recordings of the bundle of His were obtained as previously described (Scherlag et al., I969) , with a 4F bipolar pacing catheter. Each bipolar lead was connected to the AC inputs of a multichannel oscilloscopic photographic recorder, with filter frequency set at 40 and 200 cycles/sec. Records were taken at I00 mm/sec.
All analysed beats were of sinoatrial origin. RR intervals were measured to determine the ranges of normal and aberrant intraventricular conduction in the bradycardia-dependent bundle-branch block. The same measurements were performed with the RP intervals in bradycardia-dependent paroxysmal atrioventricular block. In several cases, slowing of the heart rate was achieved by carotid sinus pressure. Case reports Intermittent rate-dependent bundle-branch block Case I Electrocardiographic and vectorcardiographic study (Fig. iA), performed during first admission to hospital of a 49-year-old patient with a two-year history of angina pectoris, indicated spontaneous intermittent left bundle-branch block and anteroseptal ischaemia. A long tracing (Fig. 2) , performed a week later during which vagal manoeuvres were carried out (Comeau, Hamilton, and White, 1938; Dressler, I959) , showed left bundle-branch block at the shortest and longest diastolic intervals; at an intermediate range the intraventricular conduction was normal. Three conduction ranges were observed: the first, with RR intervals between o084 and I'40 sec and left bundle-branch block aberrancy; the second, between l22 and 242 sec with normal intraventricular conduction; and the third, in which paradoxically the left bundle-branch block reappeared between 2'02 and 5 8o sec. In the graph (Fig.  iB) obtained from the above-mentioned study, representing 954 beats of sinoatrial origin, the three conduction areas previously described are delimited: a) phase-3 left bundle-branch block (beats arriving at the left bundle-branch during its absolute or relative refractory period (Katz and Pick, 1956) ); b) normal intraventricular conduction; and c) phase-4 left bundlebranch block (impulses reaching fibres of the left bundlebranch with reduced levels of membrane potential caused by spontaneous diastolic depolarization).
Sinus impulses with left bundle-branch block aberrancy, which overlap with the beats corresponding to both ends of the normal conduction zone, should be noted (Rosenbaum et al., 1973a; Garcia and Rosenbaum, 1972 A new record obtained three days later (Fig. 5A) showed different degrees of bradycardia-dependent left bundle-branch block and the appearance of narrow ventricular escape beats with pure incomplete right bundlebranch block pattern starting from an RR interval of I-30 sec. In addition, atrioventricular dissociation with a similar ectopic rhythm firing at a rate of about 5o/min was recorded during the same study (Fig. 5C ). Two months later, while the patient was receiving digitalis (Fig. 6 , strip A), prolongation of first degree atrioventricular block up tO 0-32 sec was noticed. In strip B, an increment of the sinus frequency causes a second degree atrioventricular block with a 3: 2 and 4: 3 LucianiWenckebach ratio. The fluctuations in diastolic pauses originated by the dropped P waves determine the appearance of variable degrees of left bundle-branch block in the beats, which reinitiate the cycle maintaining a constant PR interval of 0-32 sec. In strip C a further increase in the sinus frequency establishes a 2:i atrioventricular block with similar characteristics to the one observed in Fig. 4 This case presents the following outstanding features: i) variable degrees of aberrant intraventricular conduction, taking place conjointly with slight increases in cardiac cycle length; 2) coexistence of Luciani-Wenckebach phenomenon with variable degrees of bradycardiadependent left bundle-branch block; 3) differing degrees of phase-4 left bundle-branch block, associated with narrow ventricular ectopic beats exhibiting pure incomplete right bundle-branch block configuration; 4) inability to obtain phase 3 left bundle-branch block (tachycardia-dependent left bundle-branch block) because of the development of 2: i atrioventricular block when heart rate is increased.
Rate-dependent atrioventricular block
Case I A 27-year-old man with Chagasic cardiomyopathy had sinus arrhythmia and advanced atrioventricular block, requiring a permanent demand type pacemaker. During his stay in hospital paroxysmal episodes of atrioventricular block were observed (Fig. 7) , which altemated with complete atrioventricular block and i: I atrioventricular conduction. The electrocardiogram (Fig. 8A) clearly reflects disturbances of the intraventricular conduction characterized by a PR interval of 0o24 sec and right bundle-branch block, with block in the posterior inferior division of the left bundle-branch (left posterior hemiblock). In a long tracing recorded during a series of syncopal attacks (Fig. 7A) , it may be observed that the first conducted sinus impulse (Ist) is followed by an episode of sinus depression which initiated a period of ventricular asystole, interrupted by a notched P wave (2nd) representing a blocked atrial beat with an RP interval of I-34 sec. The following P wave (3rd) is also blocked, thus resulting in a diastolic pause which is terminated by a ventricular escape beat. The next sinus impulse (4th) which follows the escape beat is conducted to the ventricles with an RP interval of o 50 sec, the succeeding two atrial beats (5th to 6th) also being conducted. Then a new episode of sinus depression produces a similar sequence which is repeated in strips A and B. Periods of ventricular asystole varying in duration from 2-55 to 8-2o sec, provoked either by spontaneous sinus depression (strips A and B), or premature artificial stimulus (strip C), can be observed all through this figure.
To establish the range of propagation and blockage of atrial impulses in the atrioventricular conduction system, I224 beats were analysed (Fig. 8B) . The immediate post-escape conduction was tabulated independently and PP and PR intervals were also measured. Atrial post-escape impulses (Fig. 8B above dotted I group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from conducted P wave; 3) intraventricular trifascicular block, with a normal PR interval and a prolonged HV time (Narula et al., I971), indicating delayed conduction probably in the main left bundle or in its posterior division; 4) episodes of paroxysmal atrioventricular block interposed with I: I atrioventricular conduction and complete atrioventricular block.
Discussion
Impulse propagation in incompletely repolarized fibres of the His-Purkinje system caused by prolongation of the refractory period, or in fibres which develop phase-4 depolarization, may be affected so as to result in significant delay or block.
Under certain experimental and clinical pathological conditions: hypoxia and ischaemia (Trautwein and Dudel, I956) ; increased stretch (Dudel and Trautwein, 1954; Singer et al., I967) ; and contusion of the intraventricular branching system (Kretz and Da Ruos, 1972) , the cardiac cycle length variability constitutes an outstanding factor in the development of different forms of impaired conduction, making evident that both phase-3 and phase-4 block may be detected, differentiated, and their evolution determined by clinical (Massumi, I968) and experimental electrocardiography. Therefore, pronounced decrease in cardiac frequency may determine paradoxical blockages of branches or divisions, owing to the development of phase-4 depolarization (Case i, Fig. 2) . Similarly, delay or interruption in the above-mentioned system may also be evidenced by slight prolongation of the cardiac cycle length (Case 2, Fig. 4 Since the ascending slope of spontaneous diastolic depolarization is gradual, the appearance of conducted sinoatrial beats with varying degrees of bundle-branch block aberrancy developing with increases in cycle length, may be attributed to atrial impulses reaching the affected fascicle at different levels of diastolic depolarization. Such electrocardiographic derangements in the left bundle-branch (Fig. 4) were clinically recorded. The reproducibility of such phenomenon in the canine intraventricular bundle-branch system was also achieved in our laboratory (Kretz, Da Ruos, and Leguizam6n Palumbo, I974) . This finding confirms the hypothesis that different degrees of decremental conduction obtained with a slow heart rate are produced by the following basic mechanism: fluctuations in level of transmembrane potential caused by variations of spontaneous diastolic depolarization in the contusion affected cells of the corresponding fascicle. In almost all the cases presented in this paper (Table i) clear evidence of prolonged recovery associated with spontaneous diastolic depolarization was recorded (Fig.  ii) , indicating that such electrophysiological mechanisms coexist, both at the level of the higher parts of the main intraventricular conduction fascicles and in their peripheral ramifications (Elizari, Lazzari, and Rosenbaum, I973) as well.
The development of bradycardia-dependent block in the branching portion of the intraventricular conduction system, caused by prolongation of the cardiac cycle length caused by a Mobitz type I or II atrioventricular block, has been pointed out (von Hoesslin, 1923; Scherf and Scharf, 1948; Vesell and Lowen, I963; Sherf and James, I969; Sepulveda, Rosselot, and Ahumada, I969; Schamroth and Lewis, I971; Friedberg, I97I; Mazzoleni and Fletcher, I971; Gallagher et al., I973) . Clinical evidence of this association is shown in Fig. 6 , strip B, where Luciani-Wenckebach periods, with varying degrees of left bundle-branch block aberrancy in the first sequence beat, are observed (Friedberg, I972) . Likewise, the coexistence of phase-4 block with Mobitz type I form of decremental conduction has been reproduced in both divisions of the canine left bundle-branch (Kretz and Da Ruos, I972) .
Considering that recent electrophysiological studies (Bailey et al., I972; Myerburg, Nilsson, and Gelband, 1972) carried out on bundle-branch and Purkinje muscle preparations have indicated that spontaneous diastolic depolarization occurs within the bundle-branches, it can be expected that enhanced phase-4 depolarization confined to a group of automatic cells within the main left bundlebranch, might create an ectopic pacemaker (Hoffman, I966; Drake, Skom, and Singer, I97I) . Narrow ventricular ectopic beats arising from such anatomical origin were recorded in one of our patients (Case 2, Fig. 5 ). This interpretation is based on Rosenbaum's classification of ventricular extrasystoles (Rosenbaum, I969) . Our case according to QRS pattern and classical criteria (SodiPallares, Bisteni, and Medrano, I964) corresponds to pure incomplete right bundle-branch block configuration (Fig. sB) , thus suggesting a site of origin within the main left bundle-branch (Rosenbaum et al., I970b; Puech et al., I97I) .
Since narrow ventricular ectopic beats do arise at the ventricular level from the higher parts of the main intraventricular conducting fascicles, it may be assumed that when diastolic depolarization develops in such areas, an association of impaired conductivity is most likely; therefore transmission of the atrial impulse through such enhanced phase-4 areas must be delayed or blocked (Watanabe, I97I) . This assumption appears to be strongly supported by the findings previously reported (Fig. 5A) In our cases of bradycardia-dependent atrioventricular block, supernormality cannot be' invoked, since a wide range of atrioventricular conduction has been observed (Table 2) (Lewis and Master, 1924) . In spite of the fact that repetitive concealed conduction of atrial impulses may provoke prolonged periods of ventricular asystole (Langendorf and Pick, I964; Chung, 197I) , this report establishes the close relation between the prolongation of the cardiac cycle length and the development of enhanced phase-4 depolarization as the underlying mechanism of the bradycardiadependent paroxysmal atrioventricular block. Therefore, it is unlikely that, in our cases, ventricular asystole may be attributed to concealed conduction (Moore, Knoebel, and Spear, I971 
